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Over the last few years an increasing amount of interest has 
been shown in the use of prestressed concrete~ As is true in many 
new methods of design or construction, the properties of existing 
materials to be used sometimes tail to meet all the desirable 
characteristics, and certain modifications might be advantageous. 
This is certainly true of prestressed concrete de~ign and construct.ion, 
in which a lower modulus of elasticity accompanied by a minimurr. loss 
in strength would be desirable. I! a lower modulus of elasticity could 
be obtained for concrete, a lower prestressing load cou1d be used 
and still maintain proper crack control in prestressed concrete 
beams and slabs. It. would also be an advantage in highway constructiou 
and design, in that it would provide a more t1exible pavement, longer 
slab design and easier riding comfort. 
Researchers have been looking for an additive to \ower the 
modu1us or elasticity ot concrete 'With a minimum lo8s in strength. 
The use of fly-ash &$ an additive is not new. Fly-ash has been used 
with success as an additive to certain lime-soil mixtures and 
concrete for the purpose of changing their physical characteristics 
and tor reasons of economy. 
Since fly-ash has been used with success as an additive to 
change the characteristics for concrete and lime-soil mixtures, and 
since it is a waste product from the combustion of bituminous coal 
and is readily available in abWldance in industrial areas. it would 
seem reasonable to investigate the possibility ot using t:Qr-ash as an 
additive and determine its effect on the modulus ot elasticity- in 
concrete tor prestressing operations. 
The object ot this investigation is to determine the effect 
of varying percentages of tJ.;v-ash on the modulus ot elasticity of 
concrete mortar. 
CHAPTm II 
REVIEW OF LITFJtATURE 
Fly-ash has been s. by-product o.f coal consuming industries 
for many years. Beoause of the relative abundance of .tl.y-ash, studies 
have been made to determine its usefulness in commercial applicati.ons .. 
One of the suggested used for it is a.s an admixture of conr~rete ... 
The use of fly ash in connection with concrete seems to be 
very promising because of its physical properties. Fly ash, as de-
fined by A<&S.T.M. (l) is a finely divided residue t.ha.t results :from 
the combustion of ground or powdered coal and is transported from the 
boiler by flue gases. Microscopic examination of the .fly ash and. a. 
study o~ photomicrographs have been used to determine its particle 
shape. From these studies the following statements have been made: 
The carbon, which giYes fly ash most of its black color .. exists as 
irregular, porous, cokelike particles; the noncombustible particles 
generally have a spherical shape (2). 
The knowledge that some of the particles of f1y ash are hollow 
glass balls suggests that this loose ash should make a good thermal 
insulator. The Cottrell blocks, which are composed of f'ly ash, li.m~ 
and resin, have been used as insulation with apparent satisfaction 
(J & 4). 
Fly has the properties o£ a "pozzolonas".. A ''Pozzolonas" 
can be defined as a siliceous material that, although not cementitous 
in itself, contains constituents that at ordinary temperatUX"e:s will 
combine with lime in the presence of water to form compounds that have 
(l) All references are in bibliography. 
a low solubility and posses~ cementing propertie~. If the incre&se in 
compressive strength o1'ooncrete is a measure of' pozzo1onic a.ctiv:ity, then 
the results demonstrate that tly ash has poz.zolonic properties (5). 
c .. F. Ramseyer states in his paper, "Solving the Fly Ash Problem": 
"When Portland cement is nd.xed with water, the lime compounds 
it contains break down and take up water to give hydrated ca.lchun 
silicate gel, plus a considerable amount (20 percent or so) of 
so-called "free1' lime. The gels are colllllonly considered to give the 
cement its strength. The free lime that is liberated .. on the other 
hand, contributes little to the strength of the cement, and being 
somewhat soluble in water, tends to leach away slowly. Also 11 since 
it is the most chemically active compound in the concrete, it is 
susceptible to attack by aggressive agents in the water. It is this 
tree lime that the fiy ash chemica.ll.y combines with to form. addi-
tional gel material, thus holding it so that it cannot be readily 
leached away". (6) 
Whether the quality of ooncrete is improved by the addition of 
certain fly ashes has been a debatable question. However, ~ecent 
research in the field ol adding fly ash to concrete has att.irmative~v 
answered this question. Because it has the ability to co~bine with 
lime, it has been found to give a greater long-time strength (7). 
Fly ash also increases the workability ot concrete and at a lower 
cost that Portland Cement. One of the remaining problems is whether 
the use of fly ash in concrete is economical. 
Recent tests conducted by c. F. Ramseyer have shown that fly 
ash makes concrete less permeable. C. F. Ramseyer showed in one of 
his tests that the total water loss due to pe1•meat:ton through a 28 
day o1d test specimen made from six. bags per cu. yd. concrete was 340 
cc at the end of a 7 day test period. The loss during the same period 
of time on a similar specimen~ made :from concrete containing five bags 
ot Portland Cement and one bag of fly ash per cu. yd. was 50 cc, a 
ratio of near1y 7 to 1.. Low permeability is especia.l.ly desirable in 
concrete exposed to f'rost. aoti.on and ground water ( 8). 
There has been much discussion concerning the resistance of 
concrete containing fly ash to the deteriorating effects ot alternate 
freezing and thawing. Tests indicate that there is no reason to 
believe that concrete containing fly ash is particularly sensitive to 
freezing and thawing. Tests have been run on concrete containing f'l;y 
ash and these tests showed that there were no deteriorating effect 
due to freezing and thaving action (9). 
The use of fl3" ash as & surface .filler in place or Portland 
Cement was entirely successfUl. Nevertheless, it is not. economical 
unless it can be used in the mix itself. 
A new lightweight concrete is now available that. uses fly ash 
in large quantities. It is known as cinder-ash concrete and can be 
used wherever lightweight concrete is ac~eptable. 
Properties of cinder-ash concrete can be fou.."'ld in the ASME,. 
Vol. 66~ 1944, Page 559~ Table 7. 
Studies have been made concerning the replacing of sand with 
fly ash in the manufacturing process of sand-lime brick. However, it 
was round that the resulting strength of the product was too low for 
building purposes (10). 
Studies were also conducted at various cement plants regarding 
the use of fiy ash in plAce of clay in the manufacturing process of 
cement.. The results were satis.tactory. However, since clay was 
plentifUl in these localities, fly ash could not compete with it on an 
economical basis (ll).. The same results were found in the Brick-Mold 
industry where fly ash was ueed to replace sand (12). 
Many field and laboratory tests were run on an ash-clay brick; 
the results from these tests showed that a satisfactory structural 
product was obtained .. 
However, there was some difficulty encoWltered with the 
formation of scum. "Fly ash when mixed with certain clays or shales 
evidently causes a base exchange reaction liberating soluble sal.ts 
which are brought to the surface during drying operation, thereby 
producing an undesirable scum" (13). 
It is rather interesting to note that throughout the entire 
review of' existing literature there was no mention of any studies on 
the effect ot fly ash on the Modulus of Elasticity. 
CHAPTER III 
MATERIALS USED 
Cement - The cement used was Type I Portland Cement, manu-
factured by the Marquette Company. 
Fine Aggregate - The fine aggregate used was river sand from 
banks of Meramac River near Pacific, Missouri. It contained mostly 
chert and quartz. The rotap sieve machines were used to obtain the 
correct particle size. 
Water - The water used was from the YSM water system. 
ElY-Ash - The fly-ash was obtained from the Missouri School 
of Mines Power Pl.antf} The sieve machine was used to obtain a. -200 
particle size. 
A spectograph was run on the fly-ash to deter.mine the e1ements 
present. Spectograph results are shown on Page 9 • 
A hydrometer analysis was run to determine the particle size. 
This result is shown on Page 8 • 
Plaster Board - This was used for capping the top and bottom 
of the compression blocks. This was done to assure a uni.torm loading. 
'Ihe commercial name or the plaster board used is "celotextt. 
HYDROMETE TEST 
S.G. • 2.)8 
I!!!!! Reading ;[ .42.t • L d. /?fk n G-Gl 
1 25 20.4 8.6 .1340 
2 12 22.4 9.4 .0315 
5 12 22.4 9.4 .0197 
10 12 22.4 9.4 .01405 
15 12 22.4 9.4 .01145 
.30 12 22.4 9-4 .00811 
60 12 22.4 9·4 .00574 
1440 11 22.6 9.5 .00121 
2880 10 22.7 9.6 .000824 
n • Coefficient ot viscosity ot the liquid in poises. Which is 
constant (.0097) tor a constant temp. of 70°F. 
G • Specif'ic Gravity ot the Solid. 
~ • Specific GraYity ot the Water. 
V • Velocity or the sphere • l! 
t 
L • Distance particle travels in an increment of time "t". 
































Black color due to the iron oxides 





CONCRETE MIXES USED 
10 
The concrete mortar was mixed to the ratio as speciried by 
ASTM; Part 4. The design or this mix included zero percent rly-ash. 
This basic ratio ror the cement, sand and water was held constant 
while the amount of fly-ash added varied from 0-5i- The weight 
of the fly-ash used for a definite percentage was obtained by 
multiplying the percentage wanted by the dry weight of the sand 
and cement. 
This author chose to hold the water, cement and sand constant 
and vary only the fly-ash additive. The reason for this was for 
better control of the mix. The weights used are listed in Table 2a. 
% WEIGHT.OF 
FLY ASH CEMENT 
0 7.60 Kg 
1/2 7-~ Kg 
2/3 ?.(:[) Kg 
3/4 ?.(JJ Kg 
1 7 .(A) Kg 
1.25 ?.(A) Kg 
1.50 7.60 Kg 
2.00 7.6o Kg 
3.00 7.60 Kg 
4.00 7.60 Kg 
5.00 ?.(fJ Kg 
FINE AGGREGATE 
20% 80% 
Retained /fJ.O Retained l20 
).818 Kg 15.512 Kg 
3.818 Kg 15.512 Kg 
).818 Kg 15.512 Kg 
3.818 Kg 15.512 Kg 
).818 Kg 15.512 Kg 
).818 Kg 15.512 Kg 
).818 Kg 15.512 Kg 
).818 Kg 15.512 Kg 
3.818 Kg 15.512 Kg 
).818 Kg 15.512 Kg 
3.818 Kg 15.512 Kg 






























1~ Forney Compression Testigg Machine: This machine is 
located in the basement of Harris Hall on the MSM Campus, and was 
used for the compression test on the Jlt x 31• x 6" specimens. 
2. Sonic Testing Apparatus - Used to run the sonic test on 
the 3·5" x 4e5" x 16" specimens to determine the dynamic YoWlg's 
Modulus of Elasticity. This apparatus is also located in the basement 
of Harris Hall on the MSM campus. It consists of an auto-oscillator, 
osci11ograph, driver, amplifier and a pickup. A schematic diagram of 







Concrete Beam P.ick-up 
Figure 1 SCHEMATIC OF SONIC APPARATUS 
CHAPTER VI 
MAKING THE SPECIMENS 
TI1e concrete mortar specimens were made in the basement of Harris 
Hall on the MSM campus.. The sand, cement 1 !ly-ash and water were 
weighed in such proportions as to make one hal.!' batch per mixing. The 
half batch was more convenient to hancUe than a full bat.ch. The 
weight of the fly-ash was obtained by taking varying percentages of 
the weight of sand and cement. 
The sand,. f'ly-ash and cement were placed in a 2) nx 2\:" non-
absorbent surf'aoe mixing pan. The dry ingredients were mixed 
thoroughly by hand to assure complete mixing. After the dry material 
was thoroughly mixed, it was shaped so as to form a crater, into which 
the proper amount of water was poured. By means of a trowel, the dry 
material aroun:i the edges was turned into the crater within JO seconds 
after the additions of water. 
The dry material was then placed over the cone in order to 
reduce evaporation. The material was left in this condition for 30 
seconds for absorption of the water, after which the mix was 
vigorously mixed by hand for one and one half minutes. 
The above mixing procedure conforms with the reconmended 
method uaed for mixing concrete mortars by A.S.T.M. Part 3~ 1955 
Page 191-196. 
Upon completion of the mixing process, the concrete mortar was 
placed in the forms. The f'onns had been oiled sufficiently to allow 
removal or the specimens atter the mortar had set e The sonic 
specimens., which were 3.5" x 4~ 5" x 16" beams, were t"odded 50 times at 
each one third layers_. The ~pecimen's t.op surface was smoot.hred off 
with a trowel and the beams marked"' The same process was used w.hile 
mixing and placing the concrete mortar in the 3" x 3" x 6" forms for 
compression specimens. The only difference is that these specimens 
were rodded 16 times every one-third layer. The reduction in rodding 
from 50 to 16 strokes per layer was due to the change in ~he rodding 
area. The specimens were then placed in the curing room and moist 
cured for twenty-four hours before removal fron1 the forms~ 
CHAPTER VII 
TESTING THE SPECIMENS 
The concrete mortar specimens were subjected to two types of 
tests: 
18 Sonic Test 
2~ Compression Test 
Each of these tests will now be discussed. 
1. The sonic specimens were tested on the sonic testing 
apparatus in accordance with Tentative Met.hod or Test for Fundamental 11 
Transverse, Longitudinal and Torsional Frequencies of Concrete 
Specimens, ASTM Designation (14). The forms were removed £rom the 
beams at the age of one day, and immediately tested with the sordc 
apparatus. The,r were tested every 24 hours for the first seven day,s 
then every two or three days f'or the next 21 days. Irrmediately after 
each testing, the specimens were placed back in the curing room. 
To determine the transverse frequency, the beams were supported 
at their nodal points, .224L, L being the length of th~ beam. These 
supports were hard rubber knife edges which rested upon sponge rubber 
mats. The sonic apparatus was then turned on, and direct. physical 
contact made between the driver and the beam, at. the center of the· 
beam, and normal to the beam. Care was taken to assure that this wa~ 
a smooth contact area between the driver and the beam,. The pickup was 
then placed at the end of' the beam, because the amplitude of vibration 
is greater at the end that it is at the mid-point of the beam. The 
beam vibrates in a free-free transverse mode (Figure 3)-
t.he bea.In anl tt<t3n roecorded. \'lith the soni.c apparatus used, a Li.ssojo-:.ts 
pattern of a circle will appear on the oscil.loscope when the bea:n is 
vibrating at the i\m.da.."llentu frequency (figure 2). 
The .t\m.damenta.l frequencies of the fol.tr beams of each batch were 
then recorded. Each beam was weighed very carefully and reco~ded. 
To compute the dynamic Young's Modulus of Elasticity the 




E = Young' dynamic Modulus of Elasticity in pot4,ds per square 
n = fUndamental - transverse frequency, in cycles peT' second. 
w = weight or the specimen in pounds • 
c = • 0024~ VT 
bt 
sec. per sq. in. 
L • length of specimen in inches. 
t,b :a the dimensions of the cross-section of the prism in inches 
in which t is the direction in which the beam is driven. 
T • a correction factor depending on the ratio of the radius of 
gyration, K which is equal to t , to the length of the specimen L, 3.464 
&ld on Poisson's ratio. Values ofT for Poisson's ratio o£ 1/6 may 
be obtained from Table 1. 
A sample calculation for zero percent fly-ash follows: 
E .. cwn2 
c ~(.00~ r!T) * .00242 (~6)3 (1.31) * .0682 
bt (4.5) (3.5)3 
1.? 
From Table T = 1 • .31 
w = 17.13 pounds 
n • 1260, n 2 = 1~587 .6oo 
E =- .0682 (17.13) (1,587,600) :a 185 X lo4 psi 
The Young's dynamic modulus was cal.cul.ated in this 'W8\Y for each 
specimen and plotted on a graph ot "E" vs. percent tly-ash tor one 
through 7 days cured~ 14 dqs, 21 days and 28 da.Ys cured. The curve 
drawn through these points was a graphical weighted average. The 
results ot these curves were very interesting as shown (See Figure 6 ) • 
( 2) A Forney Testing Machine was used to determine the 
compressive strength ot the 3" x 311 x 6" compression specimens. Each 
specimen was placed in the Fomey Testing Machine with a plaster 
board p1aced on the top and bottom to give uniform bearing. 'lbe load 
was recorded tor each specimen and then the normal stress was 
calcu1ated tor each specimen (See Figure 5 ) • 
These tests were run on 7 and 28 day old specimens, A graph 
was then plotted ot normal stress vs. the percent fly-ash (Figure 13 ). 
This curve showed that the strength decreased as .fly-ash was added~ 
but that the strength ot the 0 to 2% fl.y-ash remained in the allowable 
range as denoted by the ASTM Standards ( 16). (See Figure l3) 
There was a slight increase in the strength £rom 7 to 28 days. 
Test results or other research indicate the strength ot the fly-ash 
mix continued to increase atter the 28 day period and reaches a 
maxi no1m value between 28 da1's and .365 days (17). 
Figure 2 The oscillator and oscillograph used 
in sonic test . 
19 
Figure 3 The driver, pickup and speciiOOn used 
in the sonic tee-;. 
20 
Figure 4 The sonic testing appara~us used to 
determine the Dynamic Modulus of 
EJ.asticity. 
21 
Figure 5 The Forney Testing Machine used to 
run the compression specimens . 
22 
23 
VALUES OF CCRRECTIJN FACTOR ASTM 






















SONIC TEST DATA 
% DAYS 
FLY ASH CURED N g w E ~ l.Q-4 
0 1 l.260 .06S2 17.13 185 
0 1 1340 .0764 16.00 220 
0 1 1.340 .072JJ 1.6.38 212 
0 1 1380 .072/.) 16.00 219 
0 2 1380 .0682 18.00 234 
0 2 1450 .0674 1.6.25 261 
0 2 11.40 .072D 16.75 250 
0 2 1490 .0720 16.50 264 
0 3 1.500 .0720 17.0 Z75 
0 3 1550 .0720 16.5 285 
0 3 1400 .0682 18.0 240 
0 4 1480 .0682 17.75 265 
0 4 1540 .07'JJJ 16.75 286 
0 4 1600 .072JJ 16.25 300 
0 5 1640 .0764 1.6.25 334 
0 5 1500 .0682 18.00 276 
0 5 1560 .0721) 17.00 298 
0 5 1620 .0720 16.50 312 
0 6 1590 .0720 16.75 305 
0 6 1640 .0720 16.25 315 
0 6 1670 .0764 16.50 352 
0 9 1550 .0682 18.13 298 
0 9 1650 .0720 17.00 333 
0 9 1660 .0720 16.50 329 
0 10 1690 .0764 16.50 360 
25 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w Ex lQ-4 
0 10 1550 .0682 18.25 298 
0 10 1630 .0720 17.00 326 
0 10 1670 .072!J 16.50 332 
0 11 1620 .0720 17.00 .321 
0 11 1680 .0720 16.50 335 
0 11 1700 .0764 16.50 .364 
0 11 1530 .0682 18.00 288 
0 12 1540 .0682 18.25 295 
0 12 1620 .07'i!J 17.00 321 
0 12 1690 .072!) 16.50 3.39 
0 12 1700 .0764 16.50 .364 
0 14 1700 .0764 16.50 .364 
0 14 16.30 .0720 17.00 .326 
0 l4 1700 .0720 16.5 .343 
0 15 164.0 .0720 17.00 329 
0 15 1700 .0720 16.50 343 
0 15 1700 .0764 16.75 370 
0 15 1550 .0682 18.50 303 
0 16 1540 .0682 18.25 295 
0 16 1650 .0720 17.00 333 
0 16 1.700 .0720 16.50 343 
0 16 1700 .0764 16.75 370 
0 17 1700 .0764 16.75 370 
0 17 1540 .0682 18.50 299 
0 17 J.650 .07')JJ 17.00 3.33 
26 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w EX 10-4 
0 17 1700 .072/J 16.50 .343 
0 l8 1640 .0721) 17.00 .329 
0 l8 1700 .072JJ 16.50 34.3 
0 18 1700 .0764 16.5 370 
0 18 15.30 .0682 18.5 295 
0 20 1530 .0682 18.5 295 
0 20 1640 .0720 17.5 364 
0 20 1705 .0720 16.75 351 
0 20 1720 .0764 16.50 373 
0 21 1720 .0764 16.50 .37.3 
0 21 1540 .0682 18.50 299 
0 21 1650 .0720 16.75 331. 
0 21 1.705 .072/J 16.75 351 
0 24 1680 .0720 17o00 345 
0 24 17.30 .0720 16.50 356 
0 24 1740 .0764 16.50 .382 
0 24 1540 .0682 18.50 299 
0 28 1540 .0682 18.50 299 
0 28 1660 .0721) 17.00 .3.37 
0 28 1730 .0720 16.50 356 
0 28 1740 .0764 16.50 .382 
27 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w EX 10-4 
1/2 1 1300 .0720 16.50 201 
1/2 1 1290 .0720 15.75 1B9 
1/2 1 ]J20 .0720 16.25 204 
1/2 1 1260 .0720 16.25 186 
1/2 2 1450 .0720 16.50 250 
1/2 2 1.390 .0720 15.75 220 
1/2 2 1450 .0720 16.25 246 
1/2 2 1440 .0720 16.25 24.3 
1/2 5 1580 .0720 17.00 .306 
1/2 5 1580 .0720 16.25 ZTO 
1/2 5 1580 .cn20 17.00 294 
1/2 5 1580 .0720 17.00 294 
1/2 6 1600 .072/J 17.00 31.3 
1/2 6 1540 .0720 16.00 'Z'/3 
l/2 6 1580 .0720 17.00 .302 
l/2 6 1500 .072!) 17.00 .302 
1/2 7 1600 .0720 17.00 .31.3 
1/2 7 1550 .0720 16.25 281 
1/2 7 1600 .0720 17.00 313 
1/2 7 1580 .072D 17.25 308 
1/2 8 1.630 .0720 17.25 330 
1/2 8 1560 .0720 16.25 285 
1/2 8 1600 .0720 17.00 313 
1/2 8 1580 .0720 17.00 304 
28 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w E X ].0-4 
1/2 10 1640 .072/J 17.25 334 
1/2 10 1580 .07ZJ 16.25 292 
1./2 10 1600 .072/J 17.00 .313 
1/2 10 16oo .Q7'}JJ 17.25 318 
l/2 11 1.650 .07~ 1.7.25 3.38 
1/2 11 l56o .07'2!J 1.6.50 289 
1/2 11 1.620 .0720 17.00 321 
l/2 11 1600 .CY72JJ 17.25 318 
1/2 12 1650 .0720 17.25 338 
l/2 12 1550 .0720 16.25 281 
1/2 12 161.0 .072/J 17.25 J22 
1/2 12 1600 .07'2D 17.25 318 
1/2 l4 1650 .072/J 17.25 338 
1/2 14 1580 .0720 16.50 295 
1/2 14 1640 .07'2/J 17.00 329 
1/2 14 1620 .07'2/J 17.25 .326 
1/2 15 1670 .0720 17.50 351 
1/2 15 1580 .0720 17.00 .302 
l/2 15 1640 .072JJ 17.25 334 
1/2 15 1625 .0720 17.50 333 
1/2 19 1670 .072JJ 17.25 .346 
1/2 1 9 1580 .0720 16.75 300 
l/2 19 1630 .0720 17.00 .325 
1/2 19 1650 .07'2!) 17.25 338 
1/2 20 1670 .0720 17.25 346 
29 
SONIC TEST DATA 
% DAYS 
FLY ASH ~URED N c w I~ 10-4 
1/2 20 1580 .072D 16.75 )01 
l./2 20 1650 .072/J 17.00 .3.3.3 
1/2 20 1630 .0721) 1?.25 .3.30 
1/2 21 1690 .072/J 17.25 .355 
1/2 21 1580 .0720 16.75 301 
l./2 21 1650 .0720 17.00 .337 
1/2 21 16.30 .072JJ 17.25 3.30 
1/2 24 1690 .0?2JJ 17.50 36o 
1/2 24 1600 .0720 16.75 .309 
1/2 24 1680 .072!J 17.00 .346 
1/2 24 1640 .072JJ 17.25 3.34 
1/2 28 1700 .072JJ 17.50 364 
1/2 28 1600 .072/J 17.00 31.3 
1/2 28 1670 .072D 17.00 .341 
1/2 28 1650 .072JJ 17.25 3.38 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w EX 10-4 
2/3 1 1260 .0765 16.25 197 
2/3 1 1230 .0765 16.00 185 
2/3 1 1350 .0720 16.50 217 
2/3 1 1320 .072D 16.00 201 
2/J 2 1470 .0765 17.00 281 
2/3 2 1420 .0765 16.00 247 
2/J 2 1455 .0720 16.75 255 
2/3 2 1440 .072!J 16.25 243 
2/3 3 1520 .0765 17.00 300 
2/3 3 1500 .0765 17.00 293 
2/3 3 1540 .0720 16.75 286 
2/3 3 1500 .0720 16.50 267 
2/3 4 1550 .0765 17.00 313 
2/3 4 1500 .0765 17.00 293 
2/3 4 1560 .0720 16.75 293 
2/J 4 1550 .0720 16.50 285 
2/3 5 1590 .0765 17.00 329 
2/J 5 1510 .0765 17.00 300 
2/3 5 1600 .0720 17.00 313 
2/3 5 1560 .0720 16.50 289 
2/3 7 1600 .0765 17.00 33J 
2/J 7 15)0 .0765 16.75 300 
2/J 7 1600 .0721) 17.25 JlB 
2/J 7 1600 .0720 16.50 304 
31 
SONIC TEST DATA 
~ DAYS /0 
FLY AS~ CURED N c w Ex 10~ 
2/3 8 1590 .0765 17.00 329 
2/3 8 1540 .0765 17.00 308 
2/3 8 16oO .0720 17.25 318 
2/3 8 1600 .0720 16.50 304 
2/3 10 1630 .0765 17.00 346 
2/3 10 156o .0765 17.00 317 
2/3 10 1600 .0720 17.00 313 
2/3 10 1610 .0720 16.50 308 
2/3 11 1630 .0765 17.00 346 
2/3 11 1560 .0765 17.00 317 
2/3 ll 1620 .0720 17.00 321 
2/3 ll 1610 .0720 16.50 308 
2/3 12 1630 .0765 17.00 346 
2/3 12 1560 .0765 17.00 317 
2/3 12 1615 .0720 17.25 324 
2/3 12 1600 .0720 16.75 309 
2/3 14 1650 .0765 17.00 354 
2/3 14 1570 .0765 17.00 .321. 
2/3 14 1630 .0720 17.25 330 
2/3 14 1610 .0720 16.75 313 
2/3 15 1650 .0765 17.00 354 
2/3 15 1570 .0765 17.00 321 
2/3 15 1640 .0720 17.00 329 
2/3 15 1630 .0720 16.75 321 
2/3 19 1650 .0765 17.00 354 
32 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED l.i c w ! x 1o-4 
2/3 19 1590 .0765 17.00 329 
2/3 19 1640 .0720 17.50 339 
2/3 19 1620 .072!J 17.00 321 
2/3 20 1650 .0765 17.00 354 
2/3 20 1590 .0765 17.00 329 
2/3 20 1640 .0720 17.50 3.39 
2/3 20 162!J .0720 17.00 321 
2/3 21 1660 .0765 17.00 .358 
2/3 21 1580 .0765 17.25 329 
2/3 21 1660 .Cf720 17.25 340 
2/3 21 1640 .0720 16.50 3~ 
2/.3 24 1660 .0765 17.00 .358 
2/.3 24 1580 .0765 17.25 329 
2/3 24 1660 .0720 17.00 .336 
2/3 24 1650 .0720 16.50 .32.3 
2/3 28 1660 .0765 17.00 .358 
2/3 28 1580 .0765 17.25 329 
2/.3 28 1670 .0720 17.20 344 
2/3 2S 1645 .0720 16.60 324 
33 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w EX 10-lt 
J/4 1 1120 .0744 16.75 156 
3/4 1 1160 .0744 16.50 165 
3/4 1 1340 .0744 16.75 224 
'3/4 1 1350 .0765 16.25 2Z7 
3/4 2 1340 .0744 17.00 2Z7 
3/4 2 1410 .0744 17.00 251 
J/4 2 1460 .0744 16.75 266 
3/4 2 1500 .0765 16.25 280 
3/4 3 1450 .0744 17.00 266 
3/4 3 U.6o .OT44 17.00 :no 
3/4 3 1460 .0744 16.75 271 
3/4 3 1540 .0765 16.50 299 
J/4 4 1480 .0744 17.00 rn 
3/4 4 1490 .0744 17.00 281 
J/4 4 1500 .0744 17.75 297 
3/4 4 1560 .0765 16.25 303 
J/4 5 1480 .0744 17.25 281 
3/4 5 1510 .0744 17.00 288 
3/4 5 1530 .0744 17.50 305 
3/4 5 1540 .0765 17.00 308 
3/4 7 1495 .0744 17.25 2S7 
3/4 7 1540 .0744 17.00 300 
3/4 7 1550 .0744 17.50 .313 
3/4 7 1520 .0765 17.00 304 
3/4 8 1500 .074.4 17.00 285 
,,,. 8 1540 .0744 17.00 )00 
'4 
SONIC TEST DATA 
% DAYS 
E ;& 10-4 FLY ASH cmum N g w 
3/4 8 1560 .0744 17.75 321 
3/4 8 1560 .0765 17.25 321 
3/4 10 1510 .0744 17.25 293 
") /' 
... , .. 10 1540 .0744 17.25 304 
3/4 10 1540 .0744 17.75 313 
3/4 10 1580 .0765 17.25 329 
3/4 11 1530 .0744 17.25 300 
3/4 11 1560 .0744 17.25 312 
3/4 11 1560 .0744 17.25 312 
3/4 11 1590 .0765 17.25 334 
3/4 12 1540 .0744 17.50 309 
3/4 12 1570 .0744 17.50 321 
3/4 12 1560 .0744 17.25 312 
3/4 12 1590 .0765 17.25 334 
3/4 14 1540 .0744 17.25 304 
3/4 14 1570 .0744 17.50 321 
3/4 14 1550 .0744 17.75 317 
3/4 14 1590 .0765 17.50 338 
3/4 15 151..0 .0744 17.25 304 
3/4 15 1570 .0744 17.50 321 
3/4 15 1550 .0744 17.75 317 
3/4 15 1590 .0765 17.50 338 
3/4 19 1540 .0744 17.50 309 
J/4 19 1560 .rn44 17.50 317 
3/4 19 1570 .0744 17.75 326 
3/4 19 1600 .rn6s 17.50 343 
35 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w E X 10-4 
3/4 20 1540 .0744 17.75 313 
3/4 20 16oo .0744 17.50 333 
3/4 20 156o .0744 17.75 321 
3/4 20 1600 .0765 17.25 338 
3/4 21 1540 .0744 17.75 313 
3/4 21 16oO .0744 17.50 333 
3/4 21 1560 .0744 17.75 321 
3/4 2l 16oo .0765 17.25 338 
3/4 24 1540 .0744 17.75 313 
3/4 24 1550 .0744 17.75 317 
3/4 24 1580 .0744 18.00 334 
3/4 24 1600 .0765 17.25 338 
3/4 28 1540 .0744 17.75 313 
3/4 28 1550 .0744 17.75 317 
J/4 28 1580 .0744 18.00 334 
3/4 28 1600 .0744 17.25 338 
36 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w E X 10-4 
1%- 1 1320 .0740 16.00 206 
1 1 1)00 .0740 16.50 206 
1 1 1400 .0740 16.50 239 
1 1 1400 .0740 16.00 232 
1 1 1360 .0765 16.50 233 
1 1 1330 .0765 16.75 213 
1 1 1410 .0765 16.75 255 
1 1 1380 .0765 15.5 226 
1 2 1400 .0740 16.00 232 
1 2 1380 .0740 16.50 23.3 
1 2 1460 .0740 16.25 256 
1 2 1500 .0740 16.00 266 
1 2 1470 .0765 16.75 277 
1 2 1430 .0765 16.00 250 
1 2 1540 .0765 17.00 308 
1 2 1510 .0765 15.75 275 
1 3 1500 .0740 17.00 283 
1 3 1530 .074C 17.25 299 
1 3 1590 .0740 17.00 318 
1 3 1600 .0740 16.50 JlJ 
1 3 1500 .0765 16.75 288 
1 3 1450 .0765 16.00 257 
1 3 1550 .0765 17.50 322 
1 3 1510 .0765 16.50 288 
31 
SONIC TEST DATA 
% DAYS 
EX 10-4 FLY ASH CURED N c w 
1 4 1510 .0740 17.00 287 
1 4 1530 .0740 17.25 299 
1 4 1600 .0740 17.25 32:7 
1 4 1650 .0740 16.50 332 
1 4 1530 .0765 17.25 309 
1 4 1470 .0765 16.25 269 
1 4 1560 .0765 17.75 330 
1 4 1540 .0765 16.50 299 
1 5 1510 .0740 17.00 287 
1 5 1530 .0740 17.25 299 
1 5 1600 .0740 17.25 3Z7 
1 5 1650 .0740 16.50 332 
1 5 1550 .0765 17.25 317 
1 5 1520 .0765 16.25 287 
1 5 1500 .0765 17.50 301 
1 5 1550 .0765 16.50 .303 
1 7 1510 .0740 17.00 287 
1 7 15.30 .0740 17.50 303 
1 7 16o0 .0740 17.25 327 
1 7 1650 .0740 16.75 337 
1 7 156o .0765 17.25 .321 
1 7 1530 .0765 16.75 300 
1 7 1600 .0765 17.50 .343 
1 7 156o .0765 16.50 307 
SONIC TEST DATA 
% DAts 
I X 10-4 FLY ASH CUBJD N c w 
1 8 1520 .0740 17.00 291 
l 8 1540 .0740 17.25 303 
1 8 1620 .0740 17.00 330 
1 8 1660 .0740 16.50 337 
1 8 1590 .0765 17.25 .3.34 
1 8 152D .0765 16.75 296 
1 8 1650 .rn65 17.50 364 
1 8 1600 .0765 16.50 323 
1 10 1550 .0740 17.00 )02 
1 10 1560 .0740 17.50 315 
1 10 1625 .0740 17.25 338 
1 10 1670 .0740 16.50 341 
1 10 1590 .0765 17.50 346 
1 10 1530 .0765 16.50 296 
1 10 164.0 .0765 17.50 360 
1 10 1600 .0765 16.50 3Z3 
1 12 1540 .0740 17.00 298 
1 12 1550 .C1740 17.00 302 
1 12 1650 -0740 17.25 348 
1 l2 1680 .0740 16.75 350 
1 12 16oo .0765 17.50 343 
l. 12 1560 .0765 1.6.75 312 
1 12 1650 .0765 17.50 364 
1 12 1620 .0765 16.50 331 
39 
SONIC TEST DATA 
% DAYS I X 10-4 FIJ:MH CURED N c ~ 
1 14 1550 .0740 17.00 302 
1 14 1560 .0740 17.75 320 
1 14 1650 .0740 17.00 .342 
1 14 1695 .0740 16.75 356 
1 14 1600 .0765 17.50 343 
1 14 1550 .0765 17.00 .312 
1 14 1650 .0765 17.50 364 
1 14 1620 .0765 16.50 331 
1 20 1580 .0740 17.00 .314 
1 a:> 1580 .0"/40 17.50 32.3 
1 20 1690 .0740 17.25 365 
1 20 1725 .0740 16.75 .369 
1 20 1620 .0765 17.50 .351 
1 20 1590 .0765 17.00 .329 
1 20 168o .0765 17.50 .378 
1 20 1640 .0765 16.50 .339 
1 21 1580 .0740 17.00 .314 
1 21 1600 .0740 17.50 .332 
l 21 168o .0740 17.00 355 
1 21 1720 .0740 16.63 364 
1 21 1620 .0765 17.50 351. 
1 21 1550 .0765 17.00 312 
1 21 1680 .0765 17.50 378 
1 21 1650 .0765 16.75 349 
4o 
SONIC TEST DATA 
% DAYS 
E ;zs; :w-4 FLY ASH CURED N Q w 
1 28 1600 .0740 17.00 322 
1 28 1600 .0740 17.50 3.32 
1 28 1700 .0740 17.25 369 
l 28 17.30 .0740 J.6.75 371 
l 28 1620 .0765 17.75 356 
1 28 1560 .0765 17.25 321 
1 28 1690 .0765 17.75 .388 
1 28 1650 .0765 16.75 349 
41 
SONIC TEST DATA 
% DAYS 
FLY ASH CURBD N, ~ 1! I;~ J.0-4 
1.25 1 1270 .0682 16.75 1.84 
1.25 1 1270 .0682 16.50 1.82 
1.25 1 ].22) .0682 16.5() 167 
1.25 1 1220 .o682 16.25 165 
1.25 2 1400 .0682 16.75 224 
1.25 2 1400 .0682 16.50 221 
1.25 2 1330 .o682 16.50 199 
1.25 2 1330 .0682 16.25 196 
1.~ 3 1420 .0682 16.75 230 
1.25 3 1420 .0682 16.50 2Z7 
1.25 3 1380 Q0682 16.75 218 
1.25 3 136o .0682 16.25 205 
1.25 4 1430 .0682 18.00 251 
1.25 4 1430 .0682 17.50 244 
1.25 4 1390 .0682 16.75 221 
1.25 4 1.380 .0682 16.25 211 
1.25 6 1450 .0682 18.00 258 
1.25 6 1450 .0682 17.50 251 
1.25 6 l410 .0682 16.75 2Z7 
1.25 6 1420 .0682 16.50 ZZl 
1.25 7 1470 .0682 17.75 262 
1.25 7 1450 .0682 17.50 251 
1.25 7 1420 .0682 16.75 230 
1.25 7 1400 .0682 17.25 231 
42 
SONIC TEST DATA 
1o DAYS 
FLY ASH CURED N c H E X 10-4 
1.25 9 1500 .0682 1'(. 75 272 
1.25 9 1490 ,0682 ]."(, '(5 269 
1.25 9 J.l!-40 .0682 16.75 23"( 
1.25 9 1380 .0682 17.25 224 
1.25 10 1490 .0682 18.00 273 
1.25 10 148o .0682 17.75 265 
1.25 10 J.lt4o .0682 17.00 240 
1.25 10 1430 .0682 17.75 248 
1 25 11 1500 .0682 18.00 276 
1.25 11 1500 .0682 17.75 272 
1 25 ll }.!.~50 .0682 17.00 280 
1.25 11 11~40 .o682 17-75 251 
1.25 14 1500 .0682 18 00 276 
1.25 14 1440 .0682 17.75 251 
1.25 J.l+ 1l+ltO .o682 18 00 255 
1.25 lll 11+.30 o682 17.75 248 
1 25 16 1510 .0682 18.00 280 
1 25 16 1510 .0682 17.75 2" ·' ·c. 
1.25 16 1'-~40 o682 18 00 255 
1.25 16 ].1+30 .o682 17 75 21~8 
1.25 17 1530 .0682 18 00 287 
1.25 17 1520 o682 17 75 280 
1 25 l"( J.)-1-50 0682 18.00 258 
1.25 17 ].1~50 .0682 17 75 255 
43 
SONIC TEST DATA 
% DAlS 
~y ASH CURED N c w 1 ~ 1o-4 
1.25 21 1510 .0682 18.00 280 
1.25 21 1490 .0682 17.75 269 
1.25 21 1450 .0682 18.25 262 
1.25 21 1420 .0682 17.75 244 
1.25 2S 1490 .0682 18.25 Z/6 
1.25 28 1490 .0682 17.75 269 
1.25 28 1450 .0682 18.25 262 
1.25 28 1440 .0682 18.00 255 
44 
SONIC TEST DATA 
% DAIS 
FLY ~H CURED N Q K I & J.0-4 
1.5 1 1190 .0682 18.25 176 
1.5 1 1130 .0682 17.75 155 
1.5 1 1130 .0682 18.]3 158 
1.5 1 1140 .0682 17.75 157 
1.5 2 ~ .0682 18.25 204 
1.5 2 12)0 .0682 17.75 183 
1.5 2 1220 .0682 18.00 18.3 
1.5 2 l.220 .0682 17.75 180 
1.5 3 1320 .0682 18.25 2J.7 
1.5 3 ~ .0682 18.00 201 
1. 5 3 1220 .0682 18.00 183 
1.5 3 1230 .0682 17.75 183 
1.5 4 1370 .0682 18.00 230 
1.5 4 1300 .0682 17.75 205 
1.5 4 1300 .0682 18.25 210 
1.5 5 1380 .0682 18.75 2A4 
1.5 5 1325 .0682 1B.25 219 
1.5 5 1325 .0682 18.50 222 
1.5 5 1340 .0682 18.00 220 
1.5 6 1380 .0682 18.75 2M 
1.5 6 1330 .0682 1.8.25 220 
1.5 6 1330 .0682 18.50 222 
1.5 6 1340 .0682 18.00 220 
1.5 9 1430 .0682 18.50 258 
1.5 9 1390 .0682 18.00 234 
1.5 9 1380 .0682 18.25 237 
45 
SONIC TEST DATA 
% DAYS 
B X JJT4 FLY ASH CURED N c w 
1..5 9 1410 .0682 18.88 242 
1..5 10 1440 .0682 1.8.50 262 
1..5 1.0 139.5 .0682 1.8.00 239 
1. • .5 10 1390 .0682 1.8.25 241. 
1. • .5 10 1420 .0682 1.7.7.5 244 
1. • .5 11 l440 .0682 18.50 260 
1. • .5 n 1400 .0682 18.00 241 
1. • .5 11. 1395 .0682 1.8.25 242 
1 • .5 11 142.5 .0682 1.7.75 21.6 
1..5 1.2 1440 .0682 18 • .50 260 
1. • .5 1.2 1410 .0682 1.8.00 244 
1..5 12 1400 .0682 18.25 244 
1.5 1.2 1440 .0682 18.00 2.5.5 
1..5 l4 14.5.5 .0682 18 • .50 267 
1. • .5 l4 1430 .0682 17.75 248 
1..5 l4 1430 .0682 1.8.25 25.5 
1..5 l4 146o .0682 1.7.75 258 
1..5 1.5 l46o .<>682 18.5 269 
1..5 1.5 1430 .0682 1.7.75 24.8 
1..5 1.5 1430 .0682 l.Se25 255 
1..5 1.5 1460 .0682 1.7.75 258 
1..5 1.6 1470 .0682 1.8.50 Z73 
1.5 1.6 1440 .0682 17.75 247 
1.5 16 1430 .0682 18.2.5 255 
1.5 1.6 1465 .0682 1.7.75 260 
46 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w E ~ 10-4 
1.5 17 1460 .0682 18.50 269 
1.5 17 1430 .0682 J.s.oo 251 
1.5 17 1440 .0682 18.25 258 
1.5 17 1480 .o682 18.00 269 
1.5 18 1480 .0682 18.50 'Z76 
1.5 18 1450 .0682 18.00 258 
1.5 18 1450 .0682 18.25 262 
1.5 18 1480 .0682 18.00 269 
1.5 20 1490 .0682 18.50 280 
1.5 20 1450 .0682 18.00 258 
1.5 20 1450 .0682 18.25 262 
1.5 .20 1490 .0682 18.00 Z'/3 
1.5 21 1480 .0682 18.50 276 
1.5 21 1450 .0682 18.00 258 
1.5 21 1450 .0682 18.25 262 
1.5 21 1490 .0682 18.00 273 
1.5 24 1500 .0682 18.75 288 
1.5 24 1450 .0682 18.00 258 
1.5 24 1470 .0682 18.25 269 
1.5 24 15.20 .0682 1.8.00 284 
1.5 28 1510 .0682 18.50 288 
1.5 2B 146o .0682 18.00 262 
1.5 2B 1490 .0682 18.25 276 
1.5 28 1500 .0682 18.00 ZT6 
47' 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w EX !Q-4 
2 1 1180 .0682 16.75 159 
2 1 1100 .0682 16.50 136 
2 1 1150 .0682 17.00 153 
2 1 1150 .0682 16.50 149 
2 2 1230 .0682 18.25 188 
2 2 1190 .0682 18.25 176 
2 2 1220 .0682 18.25 185 
2 2 1180 .0682 18.00 1.71 
2 3 1235 .0682 18.00 187 
2 3 1140 .0682 18.25 162 
2 3 1.230 .0682 18.25 188 
2 3 1200 .0682 18.00 177 
2 4 1.320 .0682 18.00 214 
2 4 1180 .0682 18.00 171 
2 4 12BO .0682 18.25 204 
2 4 1240 .0682 18.00 189 
2 5 1.330 .0682 18.50 223 
2 5 1175 .0682 18.50 174 
2 5 1280 .0682 18.50 207 
2 5 1250 .0682 18.25 194 
2 6 1.340 .0682 18.50 2'Zl 
2 6 1220 .0682 18.25 185 
2 6 1300 .0682 18.38 212 
2 6 1270 .0682 18.25 201 
48 
SONIC TEST DATA 
% DAYS 
FLY ASH QURED N Q w EX 10-4 
2 7 1360 .0682 18.25 Z)O 
2 7 1220 .0682 18.25 185 
2 7 1.325 .0682 18.38 220 
2 7 1310 .0682 18.00 2ll 
2 10 1385 .0682 18.25 .339 
2 10 12.30 .0682 18.25 188 
2 10 1340 .0682 18.38 225 
2 10 1320 .0682 18.00 214 
2 11 1.375 .0682 18.25 236 
2 ll 1.240 .0682 18.25 191 
2 ll 1340 .0682 18.25 224 
2 ll 1340 .0682 18.00 220 
2 12 1.390 .0682 18.25 241 
2 12 1250 .0682 18.25 195 
2 12 1.355 .0682 18.25 229 
2 12 1320 .0682 18.25 217 
2 15 1390 .0682 18.50 244 
2 15 1270 .0682 18.00 198 
2 15 1360 .0682 18.25 230 
2 15 1.330 .0682 18.25 220 
2 16 1380 .0682 18.50 240 
2 16 1270 .0682 18.00 198 
2 16 1370 .0682 18.00 230 
2 16 1360 .0682 18.00 2Z7 
SONIC TEST DATA 
% DAYS 
FLY ASH CURED N c w E x 1o-4 
2 17 1390 .0682 18.50 244 
2 17 1260 .0682 18.00 195 
2 17 1370 .0682 18.25 234 
2 17 1350 .0682 18.00 224 
2 18 1400 .0682 18.25 244 
2 18 1280 .0682 18.00 201 
2 18 1350 .0682 18.50 230 
2 18 1360 .0682 18.25 230 
2 20 1400 .0682 18.50 247 
2 20 1280 .0682 18.25 204 
2 20 1380 .0682 18.50 240 
2 20 1360 .0682 18.25 230 
2 21 1400 .0682 18.50 247 
2 21 1250 .0682 18.25 195 
2 21 1380 .0682 18.50 240 
2 21 1370 .0682 18.25 234 
2 24 1420 .0682 18.50 254 
2 24 1300 .0682 18.50 213 
2 24 1385 .0682 18.50 242 
2 24 1360 .0682 18.25 230 
2 28 1400 .0682 18.25 254 
2 28 1280 .0682 18.25 213 
2 28 1360 .0682 18.50 242 
2 28 1370 .0682 18.25 230 
50 
SONIC TEST DATA 
% DAIS 
FLY ASH CURED N c w EX 10-4 
4 1 1030 .0682 16.50 119 
4 1 1100 .0682 17.00 140 
4 2 ll60 .0682 16.50 151 
4 2 1260 .0682 17.00 184 
4 3 1180 .0682 17.25 164 
4 3 1270 .0682 17.25 190 
4 4 ll6o .0682 18.25 1.68 
4 4 1300 .0682 17.25 199 
4 5 1200 .0682 17.25 179 
4 5 1280 .0682 18.50 2D7 
4 7 1210 .0682 18.25 182 
4 7 1260 .0682 18.50 200 
4 9 1230 .0682 18.50 191 
4 9 1.340 .0682 18.50 2Z7 
4 11 1250 .0682 18.50 197 
4 ll 1.340 .0682 18.50 2Z7 
4 14 1250 .0682 18.50 197 
4 14 1370 .0682 18.75 '240 
4 17 1260 .0682 18.50 200 
4 17 1380 .0682 18.75 2A4 
4 20 1260 .0682 18.50 200 
4 20 136o .0682 18.75 237 
4 21 1260 .0682 18.50 200 
4 21 1.340 .0682 18.75 2.30 
4 28 126o .0682 18.50 200 
4 2S 1.36o .0682 18.75 237 
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SONIC TEST DATA 
% DAYS 
FLY ASH CURED N! c w I x lQ-4 
5 1 1000 .0682 16.50 ll3 
5 1 1040 .0682 16.50 122 
5 1 960 .117 10.50 113 
5 2 ll20 .0682 16.50 141 
5 2 1220 .0682 17.25 175 
5 2 llOO .ll7 ll.75 166 
5 3 1100 .0682 16.75 138 
5 3 1220 .0682 17.25 175 
5 3 1100 .1170 12.00 170 
5 4 1090 .0682 18.25 148 
5 4 1230 .0682 17.50 181 
5 4 w..o .1170 12.00 173 
5 5 1120 .0682 18.25 156 
5 5 1260 .0682 17.50 190 
5 5 1180 .U70 12.00 196 
5 7 ll20 .0682 18.25 156 
5 7 1270 .0682 17.50 193 
5 7 1180 .1170 12,)00 196 
5 9 1140 .0682 18.25 162 
5 9 1300 .0682 17.75 205 
5 9 1200 .1170 12.00 202 
5 10 1130 .0682 18.50 161 
5 10 1320 .0682 17.75 211 
5 10 1190 .1170 12.00 199 
SONIC TEST DATA 
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% DAYS 
FLY ASH CURED N c w EX lo-4 
5 14 1140 .0682 18.50 164 
5 14 1330 .0682 17.75 214 
5 14 121.0 .1170 12.00 206 
5 17 1180 .0682 18.50 176 
5 17 1310 .0682 18.50 217 
5 17 1230 .l.170 12.00 2l.2 
5 21 ll80 .0682 18.50 176 
5 21 1290 .0682 18.50 210 
5 21 1250 .1170 12.00 219 
5 28 l.180 .0682 18.50 176 
5 28 1250 .0682 18.50 197 
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% DAYS LOAD AREA STRESS 
FLY ASH CURED LBS. IN.2 PSI 
O% 7 15,400 9 1700 
O% 7 27 ,ooo 9 3000 
O% 7 19,200 9 2100 
O% 28 28,500 9 2870 
O% 28 25,200 9 2800 
O% 28 28,200 9 3130 
1% 7 21,800 9 2420 
1% 7 19,400 9 2160 
1% 7 17' 500 9 1950 
1% 28 25,300 9 2810 
1% 28 30,200 9 3350 
1~ 28 19,100 9 2120 
zt, 7 18,300 9 2030 
2% 7 18,000 9 2000 
Z1> 7 23,700 9 2630 
~ 28 19,800 9 2200 
2% 28 22,000 9 2450 
2% 28 21,000 9 2350 
3% 7 12,600 9 1400 




% DAYS LOAD AREA STRESS 
FLY ASH CURED LBS. IN.2 PSI 
3% 7 17 ,coo 9 1900 
J% 28 17,400 9 19.30 
J% 28 14,400 9 1600 
3% 28 10,800 9 1200 
4% 7 16,400 9 1800 
4% 7 12,700 9 1400 
4% 7 15,60o 9 1700 
4% 28 14,600 9 1620 
4% 28 16,900 9 1800 
4% 28 18,000 9 2000 
5% 7 7,800 9 870 
5% 7 7,800 9 870 
5% 7 9,200 9 1020 
5% 28 11,300 9 1255 
5% 28 ll,700 9 lJOO 
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CHAPTER VIII 
CONCWSIONS 
1.. The Dynamic Young's Modulus o~ concrete mortar specimens 
as used in this study was definitely affected by the amount of fly-ash 
additive to the mix. A slight decrease in the D.y.namic Young's 
Modulus was observed when the fly-ash additive was 1/2 of 1% or less. 
An increase in YoWlgts Modulus was noted which reached a peak at 1% of 
fly-ash additive. From 1% to 5% fly-ash added, there is a definite 
decrease in the Dynamic Young's Modulus. All of the curves indicated 
a peak characteristic. through the 2S day curing period. with 1% added 
i"ly-ash. 
2. The strength curves as shown in Figures No. 13-14 indicated 
a definite decrease instrength of the specimens with 1% to 5% added 
fly-ash. With the added fly-ash. range between 1% and 2%, the strength 
decrease in the specimens was still within the allowable stress range 
as recommended by ASTM for 7 to 28 day old concrete mortar. The 
greatest decrease in strength was obtained in the range of J% to 5% 
added fly-ash. 
3. From the data obtained in this study: The addition of 2% 
fly-ash seema to give the most desirable overall results for use in 
this type of mix. With the addition of 2% fly-ash the strength of the 
specimens had decreased, but was still within the allowable range of 
stress values. Also, the Modulus of Elasticity had decreased in amount 
which would make this characteristic worthwhile in the design of 
concrete mixes for prestressed concrete. 
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4. The specimens with the greater percentages ot fiy-ash showed 
less leaching away o! the .tree llmep liberated when cement gel was 
formed. than the specimens with lower percentages of added fly-allh. 
5. The result8 of this study indi.cate that tl.y-ash has a 
definite effect on the physical properties of concrete mortar. This 
writer suggests that additional studies be made to determine the 
ettect. ot var.ying percentages ot fly-ash on the modulus ot elasticity 
ot concrete tor prestressed slabs or structural members. 
BIBLIOGRAPHY 
l. American Society of Testing Materials, Part 3, 1955, Page 
1287. 
66 
2. American Society of Mechanical Engineers, Volume 66, Page 552, 
1944. 
). American Society of Mechanical Engineers, Volume 6o, 1938, Page 
848-9. 
4. American Society of Mechanical Engineers, Volume 66, 1944, 
Page 554. 
5. American Society of Mechanical Engineers, Volume 66, 1944, 
Page 555-6. 
6. "Solving the Fly Ash Problem", by C. F. Ramseyer, Electric 
Light and Power, Volume 17, 1939, Page 44-45. 
7· Electri Light and Power, Volume 17, 1939, Page 47. 
8. "Solving the Fly Ash Problem" 1 Electric Light and Power, 
Volume 17, 1939, Page 1t4. 
9· Electric Light and Power, Volume 17, 1939, Page 46. 
10. Mechanical Engineering, Volume 6o, 1938, Page 847. 
11.. Mechanical Engineering, Volume 6o, 1938, Page 85(). 
12. 'Mechanical Engineering, Volume 6o, 1938, Page 850. 
13. 11Uttlization of' Waste Boiler Fly A h and Slag". American 
Ceramic Society, Volume 29, 1950, Page 179-Bo. 
lh. American Society of' Testing Materials, 1955 Book of ASTM 
Standards, Part), ~riennial Publication. Philadelphia, Pa., 
American Society of Testing Materials, pp. 1355-1359, 1955. 
VITA 
Billy Lee Atchely was born February 16. 19.3·2, at Cape 
Girardeau. Missouri. He received elementary and high school 
education in Gape County • Missouri. 
67 
He enrolled at Southeast Missouri State College in Cape 
Girardeau, Missouri in 1951 and at Washington University, St. 
Louis, Missouri, in 1954, and studied one year at each school. 
In June, 1955, he enrolled at the Missouri School of Mines and 
Metallurgy, and received a Bachelor ot Science Degree 1n Civil 
Engineering in June, 1957, at 'Which time he•s appointed an 
Instructor in the Mechanics Department at the Ml.ssouri School of 
Mines and Metallurgy and was enrolled as a graduate student in 
Civil Engineering. 
During the SUJ!I11.er ot 1956 he was empl.oyed with the Missouri 
State Highway Department as Inspector. 
